Objective: To document the prevalence of radiographic OA in the medial and lateral patellofemoral joint (PFJ) compartments relative to prevalence of tibiofemoral joint (TFJ) OA in middle-aged and older adults with chronic patellofemoral knee pain.
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Significance and innovations (2-4 bullet points)
• Our study fills a gap in knowledge regarding the prevalence of underlying radiographic osteoarthritis in middle-aged and older adults with a clinical diagnosis consistent with chronic patellofemoral pain
• We found that radiographic OA is prevalent, has no specific gender-bias and that the majority of people had signs of OA in one or more PFJ compartments.
• Contrary to popular belief that the lateral PFJ compartment is predominantly at risk of structural damage in patellofemoral pain, we observed that medial PFJ OA was just as common as lateral compartment disease
• Patellofemoral joint OA is likely present in the fourth decade in people who are experiencing patellofemoral joint pain, perhaps as a sequelae of patellofemoral joint problems in earlier years
Introduction
Chronic patellofemoral joint (PFJ) pain is common in adults and occurs more frequently in women. One in six adults who consult a general practitioner for a knee problem will be suspected or diagnosed as having a patellofemoral disorder (1) . The annual general practitioner consultation prevalence for PFJ pain is relatively consistent across all adulthood age groups (1) , which challenges the widely held notion that it is primarily a disorder of young adults. Chronic PFJ pain is typically characterised by pain that is aggravated by activities that increase joint load, such as squatting, rising from sitting or stair climbing. The condition is traditionally viewed as self-limiting, however increasing research data suggest that complete recovery does not always occur, and that many people continue to report ongoing symptoms (2).
There is speculation that PFJ pain in younger adults could be a precursor to PFJ osteoarthritis (OA) in later years (3) . Both conditions share similar biomechanical risk factors (4), including alterations in patella and tibiofemoral alignment, as well as deficiencies in lower limb muscle strength. It is feasible that the elevated PFJ stress accompanying PFJ pain (5), if sustained and combined with reduced patellar cartilage thickness and deformational behaviour (6) , could result in characteristic radiographic signs of PFJ OA. It is currently unknown how many middle-aged and older adults with PFJ pain demonstrate concurrent radiographic knee OA. Although a number of studies of people with, or at risk of, knee OA have shown that PFJ OA is common (7, 8) , to date no study has evaluated prevalence of PFJ OA in a cohort including people aged under 50 and with a clinical presentation of PFJ pain aggravated by joint loading.
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This study analysed the radiographic patterns of OA in middle-aged and older adults with chronic PFJ pain who volunteered to participate in a clinical trial evaluating physiotherapy (9). The primary aim was to document the prevalence of radiographic OA in the medial and lateral PFJ compartment relative to prevalence of tibiofemoral OA.
Patients and Methods
Participants (n=224) were volunteers for a clinical trial evaluating physiotherapy who underwent x-ray evaluation for trial screening (9). Participants were recruited from the community via advertisements and referral from health and medical practitioners. 
Symptom evaluation
The Knee injury and Osteoarthritis Outcome Score (KOOS) (10) 
Radiographic evaluation
All participants underwent radiographic evaluation according to accepted protocols Inter-rater reliability for grading TFJ and PFJ OA in a subset of 39 participants was substantial, with kappa values ranging from 0.75-0.84.
Data analysis
Data were analysed using IBM SPSS (Version 21.0, Chicago, IL 
Results
Of the 224 participants, 51% were women (n=115). The mean (SD) age, height, weight and body mass index of the sample was 54 (10) Sixty seven people (30%, (95% CI 24-36%)) demonstrated no OA (Figure 1 ). The most prevalent pattern was combined TFJ and PFJ OA (n=98, 44% (95% CI 37-50%)), followed by isolated PFJ OA (n=57, 25% (95% CI 20-31%)). Isolated TFJ OA was evident in only 2 participants (1% (95% CI 0-2%)). Thus, of the two compartments, the PFJ was more frequently affected by OA in this cohort (n=155, 69% (95% CI 63-75%)) compared to the TFJ (n=100, 45% (95% CI 38-51%)). Of the 155 people with PFJ OA, 23 (15% (95% CI 9-20%)) demonstrated OA only in the medial compartment, 34 (22% (95% CI 15-29%)) had OA isolated to the lateral compartment, whilst the vast majority (n=98, 63% (95% CI 56-71%) had OA in both the medial and lateral PFJ compartments. When the subsample of participants aged under 50 years was analysed separately (n=80), the prevalence of isolated radiographic PFJ OA (n=21, 26% (95% CI 17-36%)) and of combined TFJ and PFJ OA (n=23, 29% (95% CI 19-39%)) remained similar to that observed within the entire cohort, although there was a greater proportion with no evidence of OA in any compartment (n=36, 45% (95% CI 34-56%)).
Severity of PFJ OA was more mild in isolated PFJ OA compared to combined TFJ and PFJ disease, in both medial (p<0.001) and lateral (p=0.001) PFJ compartments ( Figure 2 ). Only 4% (95% CI 0-8%) (n=2) and 14% (95% CI 1-23%) (n=8) of people with isolated PFJ OA demonstrated ≥Grade 3 OA in the medial and lateral PFJ compartments respectively, compared to 43% (95% CI 33-53%, medial and lateral PFJ OA, n=42) of people with combined TFJ and PFJ patterns of disease. Prevalence of each grade of radiographic OA in both the lateral (p=0.11) and medial (p=0.63) PFJ compartments was similar across genders ( Figure 3) .
Discussion
This secondary analysis of clinical trial volunteers demonstrates that most (70%) people over 40 years with PFJ pain have radiographic OA. In our cohort, with moderate levels of pain, physical dysfunction and reductions in knee-related quality of life, OA was more frequently observed in the PFJ (either in isolation or in conjunction The evidence on radiographic patterns of OA is confined to cohorts of people aged over 50 years with established, and/or at risk of, OA. Our study fills a gap by evaluating a cohort aged 40 and above (mean age 54) with chronic PFJ pain. Our finding that PFJ OA, isolated or combined with TFJ OA, is most common is largely consistent with previous literature. In the Framingham population-based sample of people aged over 50 years with non-specific knee pain on most days of the month, isolated PFJ OA (14%) was observed more frequently than isolated TFJ OA (8%) when using magnetic resonance imaging to detect any cartilage damage (7). Similar to our findings, the dominant pattern was one of mixed TFJ and PFJ disease in these individuals (64%). However when OA was defined as full thickness cartilage damage, isolated PFJ OA was the most common pattern, occurring in 24% of participants.
Duncan et al (8) , used radiographs to image a population-based sample of general practice patients aged over 50 who reported knee pain in the previous year. They observed that the combined patterned of TFJ and PFJ OA was most common (40%), followed by isolated PFJ OA (24%). Similar to our findings, one third of people (32%) had no radiographic sign of OA and isolated TFJ OA was rarely observed (4%).
Lateral PFJ structural damage (relative to medial) is traditionally reported as more likely, given the laterally-directed application of quadriceps muscle force with respect Contemporary management of PFJ pain, such as medial patellar taping, stretching lateral soft tissues and specific medial quadriceps exercises, revolves about strategies that seek to unload the lateral PFJ compartment. Our data showing the high prevalence of medial PFJ OA in people with mixed tibiofemoral and PFJ disease raises questions regarding the application of these otherwise evidenced-based treatments to people with mixed patterns of OA. Our data also challenge the notion that chronic PFJ pain predominantly affects women. We observed no difference in the radiographic patterns of PFJ OA across genders. Our finding that PFJ OA is generally more mild when occurring in isolation from TFJ disease and tends to increase in severity with co-existing TFJ OA suggest that OA changes in chronic PFJ pain might occur first in the PFJ, preceding structural damage in the TFJ. This hypothesis is 11 supported by a longitudinal study of adults aged 50 years and over with non-specific knee pain that showed baseline radiographic PFJ OA significantly increased the risk of incident TFJ OA (14) .
Limitations to our study include its cross-sectional design. Longitudinal studies are needed to explore relationships between incidence and progression of PFJ pain relative to incidence and progression of OA within the PFJ (and the TFJ). Another limitation is our convenience sample of clinical trial volunteers, which resulted in a relatively small sample size that renders our findings hypothesis-generating rather than conclusive. This is particularly relevant for the sub-group analyses where the relatively wide confidence intervals around the proportions indicate some uncertainty about the findings. We also assessed structural OA damage using radiographs, which are relatively insensitive compared to magnetic resonance imaging. Thus some of our cohort with no evidence of radiographic OA may have showed signs of early disease had we used more sensitive imaging measures.
In conclusion, a mixed pattern of PFJ and TFJ OA was most common in this cohort of middle-aged and older adults with chronic PFJ pain. However, the PFJ more frequently displayed radiographic evidence of OA compared to the TFJ. Most people with PFJ OA demonstrated radiographic disease in both the medial and lateral compartments. 
